. 1 The article presents results of thermodynamic modeling of Fe-Si-Al complex containing alloy of the silica clay (77.8 % Al 2 O 3 , 11.6 % Al 2 O 3 ). The modeling is based on the principle of minimum Gibbs energy and fulfilled by means of software complex HSC-5.1. It was found that the joint reduction of silicon and aluminum from an amorphous SiO 2 and Al 2 O 3 is characterized by higher thermodynamic probability than from a mixture of a crystalline SiO 2 and Al 2 O 3 . At the silicon reduction there is the undesirable formation of a gaseous SiO; the transition degree of silicon in SiO can be reduced by means of decrease in temperature and increase in carbon content.
Introduction
In the production of siliceous ferro alloys, the initial components are quartzite, iron shavings and coke [1] . For the improvement of engineering and economical performance of complex ferroalloys production the researches on the coke replacement by various carbonaceous reducers [2] [3] [4] [5] [6] [7] [8] have been carried out. Also investigations connected with substitution of quartzite by cheap and effective siliceous material have been fulfilled [9, 10] . It is found that silica clay can be used as a raw component. Its distinctive feature is the presence of 90 % of silicon oxide not in a crystalline state, but in an amorphous one [11] . In accordance with [12] heat formation and Gibbs free energy of amorphous silica are less than those for quartz (for amorphous silica ∆Н A purpose of the given work is a research of a possibility of a complex silicon-aluminum-containing 1 M. Auezov South Kazakhstan State University, 5, Tauke Khan Ave., 160012 Shymkent, Republic of Kazakhstan * Loken666@mail.ru © Amanov D., Shevko V., Karatayeva G., Serzhanov G., 2017 ferroalloy production from a silica clay of the Darbaza deposit located in the South Kazakhstan area.
Experimental
The silica clay chemical composition was (%): SiO 2 77.8; Al 2 O 3 11.6; Fe 2 O 3 3.4; CaO 1.6; MgO 1.5; TiO 2 0.5 and CaSO 4 1.5. The research has been performed by means of a modeling technique on the basis of a complex HSC 5.1 program [13] in accordance with two subprograms. Equilibrium Compositions subprogram has been used for the Gibbs energy calculation, and the equilibrium element distribution has been determined by means of Reaction Equations subprogram using a principle of the Gibbs energy minimization.
Earlier this software package has been used by us at the research of equilibrium element distribution in ironsilicon-carbon-containing systems and for chloride sublimation processes [16] .
Results and Discussion
At the first stage it has been found, that joint reduction of silicon and aluminum according to Eq. (1) from an amorphous SiO 2 is more preferable, than from a crystalline SiO 2 (Table 1) . 2SiO 2 + Al 2 O 3 + Fe + 7C = FeSi 2 + 2Al + 7CO (1) At the modeling of ferroalloy from the silica clay an amount of carbon has been calculated proceeding from a full reduction of silicon, aluminum and iron; and an iron amount -based on iron content in the ferroalloy -55 %.
The curve of the temperature and carbon content influence on the equilibrium distribution of α silicon and aluminum is represented in Note: Т r -temperature of the reduction beginning (∆G = 0) Fig. 2 contains the information about the influence of temperature and carbon content on the equilibrium distribution degree of α-silicon in iron silicides. It follows from this figure that the silicon starts to turn into FeSi at Т ≥ 1523 K. The maximum αSi(FeSi) is observed at 1973-2273 K (60 %) and carbon content of 36-48 % relative to the silica clay weight. The silicon in an appreciable degree (>0.1 %) begins to reduce at Т ≥ 1673 K (Table 2) .
Increase in the carbon amount from 30 to 48 % relative to the silica clay weight promotes the growth of silicon transition degree in element silicon; αSi(Si) increases from 12.92 to 33 %. In the process the dependence αSi(Si) max = ƒ(C) can be represented as follows:
αSi(Si) max = -131.01 + 44.289lnC (2) The dependence of silicon transition degree in (5) Because of the complex dependence of temperature and carbon amount influence on the extraction of silicon into the alloy, in further studies we used the method of the second order experimental design [16] . We found the (6) and the methodology published in [17] we received three-dimensional image surface and its horizontal cuts as a dependence on temperatures and carbon amount (Fig. 3) . Fig. 3 shows that high αSi∑ (85-87%) can be obtained in the technological field abc, that is takes place when the temperature is 2200-2470 K and 46-48 % carbon relative to the weight of the silica clay.
The temperature and carbon amount effect on aluminum content in the ferroalloy produced is represented in Table 3 , and on silicon content and Al and Si sum in the ferroalloy -in Figs. 4 and 5. It follows from the data submitted in Table 2 that at 2373-2573 K the ferroalloy contains 6-7 % of aluminum.
The produced ferroalloy is a complex alloy; it represents ferrosilicoaluminum [14] . The content of the sum of silicon and aluminum in the alloy increases with increasing temperature and the amount of carbon (Fig. 5) . Maximum Si+Al content in the alloy is 41 %. In accordance with Al/Si ratio in the obtained alloy (0.189-0.197) the given ferroalloy complex corresponds to ferrosilicoaluminum of FS45A10 grade [15] .
Conclusions
On the basis of the results of thermodynamic modeling the interaction of silica clay with carbon and iron it is possible to draw the following conclusions:
-the joint reduction of silicon and aluminum from an amorphous SiO 2 and Al 2 O 3 is characterized by higher thermodynamic probability than from a mixture of the crystalline SiO 2 and Al 2 O 3 ;
-at the chemical interaction of an amorphous SiO 2 -based silica clay with carbon in the presence of iron there is the reduction of silicon and aluminum and formation of Fe 3 Si, FeSi, FeSi 2 , Si, Al; in the process the silicon mainly converts into FeSi; -at the silicon reduction there is the undesirable formation of the gaseous SiO; the transition degree of silicon in SiO can be reduced by means of decrease in temperature and increase in carbon content; -a high (>85 %) degree of the silicon transition from the silica clay in the ferroalloy is observed at 2200-2470°K and 46 % of carbon (relative to the silica clay weight); the complex ferroalloy obtainedferrosilicoaluminum -has the total silicon-aluminum content up to 42 %.
